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Abstract. Compared to traditional cars, where the driver has most of their atten-
tion allocated on the road and on driving tasks, in fully autonomous vehicles it is 
likely that the user would not need to intervene with driving related functions 
meaning that there will be little need for HMIs to have features and functionality 
relating to these factors. However, there will be an opportunity for a range of 
other interactions with the user. As such, designers and researchers need to have 
an understanding of what is actually needed or expected and how to balance the 
type of functionality they make available. Also, in HMI design, the design prin-
ciples need to be considered in relation to a range of user characteristics, such as 
age, and sensory, cognitive and physical ability and other impairments. In this 
study, we proposed an HMI specially designed for connected autonomous vehi-
cles with a focus on older adults. We examined older adults’ preferences of CAV 
HMI functions, and, the degree to which individual differences (e.g., personality, 
attitude towards computers, trust in technology, cognitive functioning) correlate 
with preferences for these functions. Thirty-one participants (M age= 67.52, SD 
= 7.29), took part in the study. They had to interact with the HMI and rate its 
functions based on the importance and likelihood of using them. Results suggest 
that participants prefer adaptive HMIs, with journey planner capabilities. As ex-
pected, as it is a CAV HMI, the Information and Entertainment functions are also 
preferred. Individual differences have limited relationship with HMI preferences.  
Keywords: Connected Autonomous Vehicles, Human Machine Interface, Older 
Adults. 
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1 Introduction 
1.1 Autonomous Vehicles, Mobility and Older Adults 
Autonomous vehicles (AVs) and connected autonomous vehicles (CAVs) are a hot 
topic with research, and development in this area has been soaring over the past 10-
years or so [1,2]. In February 2018, a Google Scholar search for publications containing 
the keywords ‘autonomous’ and ‘vehicle’ returned 2,060,000 results including multiple 
journal articles, conference papers, and reports. CAVs promise a reduction in road ve-
hicle incidents, accidents (injuries and fatalities), potential for improving traffic flow, 
as well as allowing users to engage in other activities (e.g., social, work, rest) whilst 
being driven in a CAV. In addition, they also open up the opportunity of mobility for 
more people including those who cannot drive and/or are contemplating giving up driv-
ing. One large and growing sector of the population within most developed countries 
who will likely benefit from CAVs are older adults.  
According to World Health Organization (2015) by 2050 the world’s population 
over 60 years will double itself. It is expected to total 2 billion compared to 900 million 
in 2015 with 125 million people aged 80 years or older. There is a crucial need to ensure 
a means of staying and/or becoming mobile for this population sector such that they 
can better and more easily enjoy mobility with likely positive effects on factors such as 
social inclusion (reducing social isolation), well-being, and the ability to continue to 
contribute to the economy [3-5]. 
One important promise for the rise of CAVs is the decrease in car crashes [6], as 
human error is held responsible for most incidents and accidents [7]. One of the most 
vulnerable populations are older drivers, and particularly individuals above 65 years of 
age [8]. Thus, from a safety perspective alone, it is highly likely that older adults will 
benefit enormously from AVs. Similarly, some older adults might have to give up their 
driving licence due to health-related issues [9]. Car ownership, mobility and the ability 
to drive are associated with quality of life, with many that give up driving feeling older 
than their chronological age [10]. Driving cessation is also factor that contributes to 
health problems and a decline in well-being, including depressive symptoms [4,11]. 
Furthermore, research suggests that older adults (past drivers and non-drivers) are much 
more vulnerable to cognitive decline [12] meaning that factors such as attention, inhi-
bition, memory, judgement and decision making can impair the ability to drive effec-
tively and safely. CAVs – particularly those that are highly automated (e.g., Society of 
Automotive Engineers (SAE) Level 4, 2016) or fully automated (e.g., SAE Level 5, 
2016) [13] should help to circumvent many of these issues and improve older adults’ 
mobility. However, the psychological, cognitive and sensory factors that result in ces-
sation of driving, still need to be considered for CAV HMI design as these will still 
impact the ability to interact with an HMI, and also result in additional support and 
functionality.  
The main aim of the current paper is to present findings on an aspect of a connected 
autonomous vehicle (CAV) human-machine interface (HMI) developed as a major 
component of an Innovate UK funded project (Flourish) for use by older adults within 
Level 4-5 CAVs. This was an evaluation study where users experienced simulated fully 
autonomous CAV journeys with a basic HMI (containing e.g., a dynamic map, vehicle 
status features, stop button, and so on) being developed throughout the Flourish project. 
Immediately after, they were presented with a number of other features and functions 
(designed for a future trial(s)) on an interactive screen and asked a number of questions 
regarding preferences and usability. We also examined the degree to which individual 
differences (e.g., personality, attitude towards computers, trust in technology, cognitive 
functioning) correlate with preferences for these functions. The HMI design was in-
formed by a literature review [1], public engagement workshops conducted part of the 
Flourish project and subsequent synthesis of best practices for the design of CAV HMI 
for older adults. We focus here on the evaluation of a first-generation CAV HMI with 
three main categories of functions: My Profile, Information and Entertainment, and, 
Future Journey Planning. Each had a drill-down facility to explore related functions. 
My profile contained: About Me (e.g. home address, contacts, health profile) and Pref-
erences (e.g. contrast, brightness, text size). Information and Entertainment had Tele-
vision, Internet Search, News, Weather, and Music. Future Journey Planning contained 
Create Future Journey, Planned Journeys, and, Edit Journeys. 
1.2 Autonomous Vehicles and Human-Machine Interfaces 
Autonomous vehicles have different levels of automation ranging from 0-5 [13]. Levels 
1 and 2 represent having an autonomous feature (L1) or features (L2) such as adaptive 
cruise control, self-parking, and lane keeping assistance. Level 3 vehicles can drive in 
autonomous mode some/most of the time, although there will be a fallback in that a 
human driver can and might need to retake vehicle controls (known as handover from 
autonomous to manual driving) at some point(s) during journeys [14]. In terms of Level 
4 and 5 CAVs (the focus of the current research), the human user (i.e., older adults in 
this case) does not have to engage in driving/controlling (or intervening/handovers) the 
vehicle so that their ‘eyes’ and ‘mind’ can be off the road [13]. Users of a Level 4 CAV 
might still choose to engage with some functions (e.g., change speed, change route, 
request a stop, and so on) and ignore others, whereas users of a Level 5 CAV should 
(in principle) not need to engage with any aspect of the driving task (i.e., the CAV is in 
control and makes all decisions) although like Level 4, CAV users might wish to engage 
in other in-vehicle technology enabled activities that are now possible because they do 
not need to drive the vehicle (e.g., infotainment). Also, and under various circumstances 
(e.g. route and system requirements), the user might choose to prioritize some functions 
and ignore others (e.g. check for places to park whilst ignoring estimated time of arri-
val). Consequently, CAVs require specially designed HMIs or dashboards that respond 
to users’ needs and preferences, as well as ensuring that they are kept updated with 
pertinent CAV related information which might impact on their experience and require 
their input. Therefore, designers, engineers and other researchers (including human fac-
tors experts) need to have an understanding of what is actually needed or expected by 
potential users and how to balance the type of functionality they make available. 
  
To date, research has focused more on driving performance (e.g., speed, response 
time to critical situations, braking) across the lower levels (L1-L3) of vehicle automa-
tion [15,16,1,17] and on human factors related variables that are important in automa-
tion (e.g., situation awareness and mental workload) [18-20]. There has been less focus 
on principles relating to the design and adaptation of CAV HMIs for vehicles with 
higher or indeed fully (Level 5) automated capabilities, and less again on designing and 
testing these with particular end-user groups in mind [2,1].  
1.3 The Importance of Considering Individual Differences when Designing 
CAV HMIs for Older Adults 
Aging is associated with a series of biological and psychological impairments [21,22]. 
Cognitive aging appears in both normal and pathological ageing, as a consequence of 
brain changes caused by ageing. Not all cognitive functions are affected in the same 
way resulting in differences in impairment across the population and indeed varying 
within people due to medication or fatigue [23,24,22,21,25]. Well documented changes 
in cognitive functions are those of attention, working memory, executive functioning 
and other memory processes [26,27]. Together with changes in cognitive functioning, 
changes in sensory functions also tend to be more prevalent as we age. For example, 
visual, auditory and olfactory perception, as well as mobility and balance are negatively 
influenced by ageing [28-32].  
HMI developers and researchers have already acknowledged the need to consider 
cognitive and sensory changes that might affect, for example, usability [33-36]. A re-
cent literature review conducted by Morgan et al. [1] synthetized the numerous design 
principles of relating to HMI design for older adults with a focus on those being relating 
to CAV HMI design. These principles can largely be grouped into four categories: us-
ability, accessibility, functionality, and adaptability. Accessibility and usability require-
ments of older adults’ include some of the following principles: use of simple displays, 
reduce screen clutter and distractors, use of familiar conceptual models and presenting 
information (including items) as clearly as possible, using touchscreens and enhanced 
voice interaction [35,1]. For functionality, HMIs developers should consider functions 
that enrich in-vehicle safety (e.g. night vision enhancement, collision warning, health 
monitoring) [37,38]. Requirements for adaptability mostly refer to the ability to select 
and personalize screens, settings and mode of interaction (see [1] for a full review). 
However, Morgan et al. [1] note that most of the HF principles being incorporated into 
the design of HMIs for AVs and CAVs are quite generic and not specifically focussed 
on particular sections of the population and rarely consider other individual differences, 
such as those relating to cognitive ability. There is a gap in the consideration of design 
of AV/CAV HMIs for older adults at an individual as well as population level. Simi-
larly, Molnar & Eby [39] recently concluded that most of the HMI principles and guide-
lines for older drivers do not address sensory, physical and cognitive impairments as-
sociated with older age.   
Beside cognitive functioning, other personal characteristics might influence peoples’ 
expectations and experience with AV/CAV HMIs, and again this is an under-researched 
area. Most studies focus on ergonomic factors [40] and general personal characteristics 
such as age, gender, and values [41]. Other individual factors such as personality, atti-
tudes, and trust seem to be largely over-looked. Despite this, researchers such as Eng-
ström et al.[42] have suggested that personality traits such as risk taking might influence 
the acceptance of driver support functions. As such, there is likely to be a link between 
acceptance and preference of various HMI functions (e.g. health monitoring, emer-
gency stop) and usability (e.g. preference for simple or more complex information) and 
personality traits. As an example, those who score high on sensation seeking (a risk 
taking associated personality trait) might prefer more complex HMIs as they usually 
desire complex stimuli [43,44]. Those who score high on anxiety or emotional instabil-
ity might prefer straightforward functions and be more in control as they need to be 
reassured due to a tendency to worry excessively [45]. For example, they might prefer 
AV/CAV HMIs with easy to access information and possibly functions (that can be 
explored) for important yet basic information, such as vehicle status and speed.  
Also, attitudes towards computers and trust in technology might also shape users’ 
AV/CAV HMI-related preferences and subsequent experience with HMIs implemented 
into AVs/CAVs. Trust in autonomous systems is another key variable that influences 
user experience [46,47]. Trust appears to predict the likelihood of use of automation 
[48] there is some support that favors a well-designed HMI as a mediator of trust in 
automation [46]. As an example, adding speech output to an HMI (‘HMI talks’) can 
increase trust in automation [49]. Thus, it is likely that a higher level of trust in tech-
nology and/or automation will be related to better user experience and higher usability 
ratings of functions. Finally, attitudes towards computers can shape users HMI prefer-
ences, as technology related variables predict the use of technology [50,51]. Although 
there is no support for the assumption by some that older people do not accept new 
technologies, they are more willing to use them if the interface suits their abilities and 
needs [52,53]. Also, prior contact and interaction with computers improves attitudes 
and user behaviour [54]. Therefore, it is highly likely that attitudes towards computers 
will be related to CAV HMI design preferences and user experience. 
Goals and Objectives  
The current study was conducted due to the lack of research-to-date on the design and 
testing of CAV HMIs designed with, and for, older adults. Our main objective was to 
examine older adults’ preferences and evaluation of CAV HMI features and functions, 
and analyse, the degree to which individual differences (e.g., personality, attitude to-
wards computers, trust in technology, cognitive functioning) correlate with preferences 
for these functions.  
2 Method 
2.1 Participants 
Thirty-one participants, mostly older adults, aged between 47 and 83 years old (M = 
67.52, SD = 7.29), took part in the study. This sample size is large enough to detect 
large effect sizes (r = .50) with power of .8 [55]. The majority were male (N = 19, 
61.3%). Inclusion criteria included fluency in English language and comprehension, 
and those with mild to moderate visual or hearing impairments were also encouraged 
to take part. Thirty participants (96 %) had corrected vision and four participants had 
corrected hearing (12 %). One participant (aged 47) had significant visual impairments 
and was included despite not being an older adult; and was able to complete the trial. 
Three participants aged between 50 and 59 years were also included on the basis that 
the first ‘older adult’ future users of Level 5 CAVs (e.g., within 15-20-years) are likely 
to currently be aged between 50-60 years. Another three participants were taking anti-
depressant medication. Despite these factors, all three participants were highly func-
tional and able to complete the trial. Exclusion criteria were: the presence of any severe 
health conditions (e.g., epilepsy, neurological impairments, heart surgery) that might 
be aggravated by experimental conditions and manipulations. Participation was volun-
tary and each participant received a £20 voucher as a reimbursement for transportation 
and associated costs. 
2.2 Materials 
HMI 
The design was informed by a literature review [56] and public engagement work-
shops conducted as part of the Flourish project, and subsequent synthesis of best prac-
tices for the design of CAV HMI for older adults from the literature (e.g. reduce clutter, 
use large icons, use icons that are highly intuitive). The findings resulted in an HMI 
with several features (e.g. map, date and time, vehicle status, fuel, arrival time, speed, 
stop and navigation map) that was tested in several simulator-based CAV journeys. As 
per key findings of our user engagement research, we focus here on a component of the 
HMI with three main categories of functions: My Profile, Information and Entertain-
ment. Another aspect of the HMI, Future Journey Planning (see Fig. 1) was evaluated 
after the participants had been in the simulated CAV journeys (post journey), in prepa-
ration for the next iteration(s) of the HMI in the next phase of the planned trials.  
 Fig. 1. Overview of the post-journey feature evaluation HMI with three main functions 
Each had a drill-down facility to explore related functions. My Profile contained: About 
Me (e.g. home address, contacts, health profile) and Preferences (e.g. contrast, bright-
ness, text size) (see. Fig 2). 
 
Fig. 2. Drill-down features within the My Profile function  
Information and Entertainment had Television, Internet Search, News, Weather, and 
Music (see Fig. 3). 
 
Fig. 3. Drill-down features within the Information and Entertainment function  
Future Journey Planning contained Create Future Journey, Planned Journeys, and, Edit 
Journeys (see Fig. 4). 
 
 Fig. 4. Drill-down features within the Future Journey Planning function  
The post-journey feature evaluation HMI ran on a 12.9 inch iPad Pro with ED backlit 
display and iPS technology; retina display. It has 2732 x 2048 resolution at 264 pixels 
per inch, and fingerprint resistant coating. 
2.3 Measures 
Several scales and measures were used. These included: 
Self-screening questionnaire. This was used to screen participants for major health-
related conditions (e.g. stroke, epilepsy). 
Demographic questionnaire. This was used to gather data on: age, gender, qualifi-
cations, marital and occupational status, and medication taken in the day of testing.  
Cognitive functioning. This was assessed using: Ospan [57], Trail Making A & B 
Tests [58], and Corsi Blocks Test  [59]. 
A computerized measure of Ospan [57] using Pebl (Version 2.0 Beta 4, [60]) was 
used to assess working memory capacity task and multi-tasking abilities. The Opsan 
task consisted of two alternate sub-tasks: 1) remember a serious of two to five letters, 
and 2) solve math problems (distractor task). The trials were quasi-randomized so that 
the set size of the next letters and math problems could not be anticipated by the par-
ticipants. Performance on the letter tasks was calculated by giving equal points to the 
set size, but only if all the letters from that set were recalled correctly in serial order. 
This gave an absolute span score. Math accuracy was tracked and participants received 
feedback during the task. The feedback was included to maintain performance accuracy 
≥85% and to keep participants engaged with the task. Two outcomes were used: 1) total 
correct letters recalled and 2) absolute span score. Higher scores reflect better perfor-
mance.  
Trail Making Test Form A & B (TMT A & B, [58]). This ran on a LearnPad Android 
device with Pen Six Screener (PenScreenSix Cognitive Testing Software v2.0 for An-
droid, 2014) and was used as an executive function measure. It has 2 forms: A and B. 
For A, the participant has to connect, as quickly as possible, 25 encircled numbers in 
ascending order. For B, the participant tries to connect, as quickly as possible, numbers 
and letters in ascending order. The outcomes are: (1) time to complete the task, (2) time 
to complete the task minus the first 2 responses, and (3) number of incorrect responses. 
Lower scores represent better performance. 
Computerized version of Corsi Blocks Test [59]. This was used to measure spatial 
working memory span. For the task, the participant must tap sequences of blocks ar-
ranged irregularly on a board. For each task/trial, blocks on the screen light up one by 
one in a random order, and the subject must reproduce the order they are lit in. The task 
includes 12 trials that start with 2 letters and continue up to 7 letters (e.g. 2 trials with 
2 letters, 2 trials with 3 letters, 2 trials with 4 letters, etc.). The following outcomes were 
used: 1) block span, 2) total correct trials, and 3) the product.  
Personality. This was assessed using Zuckerman-Kuhlman Personality Question-
naire (ZKPQ-50-CC, shortened form, [45]). The original questionnaire developed by 
Zuckerman et al. [43]) is based on the Alternative Five Factor Model [43] and measures 
five personality traits that arguably best describe human behavior: Impulsive Sensation 
Seeking (e.g. lack of planning, tendency to act quickly on impulse, risk taking, novelty 
seeking), Aggression Hostility (e.g. antisocial behavior, vengefulness, quick temper), 
Sociability (e.g. having many friends, enjoying large parties, intolerance for social iso-
lation), Activity (e.g. need for general activity, impatience, preferences for challenging 
and hard work), and Neuroticism Anxiety (e.g. emotional upset, worry, tension, obses-
sive indecision). The ZKPQ-50-CC has 50 true-false items, and the total score for each 
trait is computed by giving a 0 (for a No answers) or 1 (for Yes answers), noting that 
the questionnaire has reversed items. Original scoring procedure can be found in the 
original paper [43,45]. Higher scores reflect increased personality traits (e.g. someone 
scoring high on sociability is more sociable than someone scoring low in this trait).  
Trust in technology. This was assessed using an adapted version of General Trust 
in Technology Scale [61]. It contains 7 questions that measure people’s trust in tech-
nology (e.g. I believe that most technologies are effective at what they are designed to 
do; I think most technologies enable me to do what I need to do). Responses are rec-
orded using a Likert scale with 1-7 gradations [61]. Higher scores represent increased 
trust in technology. The scale has reversed items. Higher scores represent increased 
trust in technology. 
Attitudes Towards Computers Questionnaire (ATCQ, [62]). This was used to meas-
ure attitudes towards computers and how people relate to computers and whether they 
are willing to use them for personal or professional reasons.  It contains 32 items (e.g. 
I feel comfortable with computers; Computers are making the jobs done by humans less 
important) with response options ranging from 5-point Likert scale format ranging from 
1 to 5. Lowers scores reflect more negative attitudes towards computers.  
 
Participants’ HMI preferences were measured on a 0 to 10 Likert scale developed 
by the authors to gain ratings on how useful each function is to them for a Level 4-5 
CAV journey. For example, and focussing on a feature of the ‘My Profile’ function: 
‘would you find it useful to have an About me function? Please score how you feel on 
a scale of 0 (completely useless) to 10 (completely useful).’ At the end of the survey 
and after rating the usefulness of each feature, participants were asked to rank the ‘My 
Profile’, ‘Information and Entertainment’ and ‘Future Journey Planning’ functions 
based on the likelihood of using them in general. The question was phrased as follow: 
‘Please tell us how likely you are to use the My Profile, Information and Entertainment, 
Future Journey Planning functions. Please rank them (1st, 2nd, 3rd)’. 
2.4 Procedure 
The study was approved by the University of the West of England, Bristol, Health 
and Social Studies (HASS) Research Ethics committee (REF: HAS.16.10.026) with a 
linked Risk Assessment. Written consent from the participants was obtained prior to 
the study and after they had received an information sheet. Additionally, each partici-
pant had attended an induction workshop (In-Vehicle Participant Workshop – Flourish 
Deliverable 3.4.2 D3 - In Vehicle Participant Workshop Findings)which was held be-
tween 4-8 weeks before the current study depending on when each participant was 
tested in the main study. The purpose of the workshop was to inform participants about 
the aims of the project (high level, no predictions), timescale and to gather information 
relating to e.g., expectancies about autonomous vehicles (e.g., design, journey types, 
likelihood of using, HMI design features that they would like). It also served as part of 
an iterative process to design the HMI (noting that the project runs from June 2016-
May 2019), as well as to keep participants expectations about CAVs to a similar level. 
(Without this – they could potentially be unequally biased through different personal 
beliefs and e.g., differing media views of the topic.) 
The current HMI evaluation study was part of a larger study within the Flourish 
project – with an initial component involving participants experiencing journeys within 
a Level 4-5 simulator and with a basic HMI (not evaluation version) containing e.g., a 
dynamic map, vehicle status features (such as battery charge remaining, temperature), 
and a stop button. The screening demographic questionnaire was completed at the be-
ginning of the study. For the evaluation of the HMI component discussed within the 
current paper, participants sat at a desk with the iPad as described above, and rated 
preferences on paper after being driven for 4 journeys in the Level 4-5 autonomous 
simulator. No time constraints were applied. After this, the cognitive tests were com-
pleted and not before as they could have induced fatigue. Personality, general trust in 
technology and attitudes towards computers measures were completed at home, prior 
to taking part in the main components of the study to avoid responses being affected by 
experiences during the main study.  
3 Results and Discussion 
Our first objective was to investigate older adults’ preferences of CAV HMI functions. 
(Note rated out of 10 with 10 being completely useful.) Participants considered the most 
useful HMI functions to be: Preferences (M = 8.96, SD = 1.88), Internet search (M = 
8.90, SD = 1.95) and Edit Planned Journeys (M = 8.77, SD = 2.14). The least useful 
HMI functions were About me (M = 6.83, SD = 3.3), News (M = 7.96, SD = 2.76) and 
Television (M = 8.36, SD = 2.14). It is however noted that even though the latter had 
the lowest usefulness ratings, they were still mostly high (≥6.83/10) considering a score 
of 0 translated to completely useless.  
 
Fig. 5. Preferences for all HMI functions  
As for the ranking of the three main functions based on the likelihood of using them 
within a CAV, the most important function is Future Journey Planning, followed by 
Information and Entertainment, while My Profile was ranked least important. 
Age is not associated with any HMI function preference, and there are no significant 
differences between younger old participants (<70 years old) and older old (≥70 years 
old) adults in terms of their preference for HMI functions, except the Internet search 
function, which was rated (using an independent-samples t-test) as more likely to be 
used by the older old participants, t(29) = -2.00, p <.05.  
Overall, cognitive performance is not significantly associated with preferences for 
HMI functions.  
Executive functioning measured with TMT A is not associated with any HMI func-
tions (p > .05), while TMT B outcomes time to complete task is negatively associated 
with: Television, Pearson’s r(29) = -.41, p < .05 and News, Pearson’s r(29) = -.39, p < 
.05. TMT B time to complete task minus the first 2 responses also correlates negatively 
with Television, Pearson’s r(29) = -.50, p < .01 and News, Pearson’s r(29) = -.52, p < 
0 2 4 6 8 10
Mean score
Edit Planned Journey View Planned Journeys Create Future Journey
Music Weather News
Internet Television Preferences
About me
.01. Working memory capacity task and multi-tasking abilities (measured with Ospan) 
is negatively associated with the Weather Search function, Pearson’s r(29) = .41, p < 
.05, for Ospan total correct letters recalled, Pearson’s  r(29) = .43, p < .05 for absolute 
span score. Spatial working memory span measured with the Corsi task is only nega-
tively associated with About Me, for block span outcome, Pearson’s r(29) = -.39, p < 
.05, and the Corsi product, Pearson’s r(29) = -.40, p < .05. The correlation between 
about me and Corsi total correct trials is non-significant, (p > .05). 
Personality traits correlate with few preferences for HMI functions. Neuroticism 
Anxiety seems to be the personality trait that relates to some functions: Television, 
Pearson’s r = -.49, p < .01, News, Pearson’s r = -.51, p < .01, and Weather Search 
Pearson’s (r = -.45, p < .05). Activity correlates positively with Weather search, Pear-
son’s r = .39, p < .05. Aggressive Hostility correlates negatively with Television, Pear-
son’s r = -.42, p < .05, Sociability correlates with View Planned Journey function, Pear-
son’s r = -.46, p < .05. Impulsive Sensation Seeking does not correlate with any function 
(all ps are not significant). Contrary to our expectations attitudes towards computers 
and trust in technology do not associate with participants’ HMI preferences (p > .05).  
The current study aimed to investigate older adults CAV HMI preferences for func-
tions that could be incorporated into an in-vehicle CAV HMI being developed as part 
of the Innovate UK funded Flourish project. The current study was the first in a series 
of simulator and road based Level 4-5 CAV trials. We proposed and designed 10 func-
tions that could be integrated in a fully autonomous CAV HMI, including Information 
and Entertainment (with e.g., Television, Internet, News, Weather, and Music as sub-
functions). Noting that some of these (e.g., Television, Internet) would only be feasible 
in highly automated vehicles where the user does not have to control the driving aspects 
of the vehicle. In this case, we predicted that users would be less likely to want to access 
system status and journey related information and focus more on e.g., infotainment 
functions. Our results show that the sample consisting predominantly of older adults 
highly likely benefit from an Information and Entertainment function. Their number 
one choice when it comes to functions that they would use during an CAV journey, 
given the options provided, is a Future Journey Planner. The My Profile function was 
rated as the least important. Participants rated Preferences as the most important func-
tion out of all 10 proposed functions. This finding is in line with HMI principles rec-
ommendation in the literature that endorse increasing adaptability [1,35]. This means 
that our sample of mostly older participants would prefer an HMI with adaptability 
capabilities that will enable them to change according to their needs the following: con-
trast, brightness, text size, and layout (see Fig. 2). Interestingly, our participants also 
preferred the Internet search function and Weather function. Least important functions 
are News and About me. It might be the case that for our participants, functions such 
as: home address, calendar, contacts and health profile are either not important or re-
garded as too personal (e.g., data privacy concerns) [63] and least likely of all functions 
to be used in in a future CAV journey (see Fig 5).  
Individual differences were also shown to have a role in CAV HMI functions pref-
erences amongst our mainly older adult sample. As an example, cognitive abilities seem 
to relate to some extent to functions preferences. The higher executive functioning abil-
ities, working memory and multi-tasking abilities, the more likely the user will prefer 
functions such as Television, News, About Me, and, Weather search. This might sug-
gest that older adults (again noting the majority of our sample) that score lower on 
cognitive abilities might prefer to have simpler CAV HMIs with very few features and 
functions. Though this a tentative conclusion based on an evaluation component of only 
one study and this area needs further testing.  
Some personality traits were shown to have a correlation with CAV HMI prefer-
ences, although in general the findings were not consistent and do not suggest clear 
relationships overall. Interestingly those scoring high on Neuroticism Anxiety are less 
likely to prefer functions such as: Television, News and Weather search, and those high 
on Aggressive Hostility are also less likely to prefer the Television function. More ac-
tive participants were more likely to prefer the Weather Search function, and more so-
ciable participants were more likely to prefer the View Planned Journey function. Con-
trary to expectation, Impulsive Sensation Seeking does not relate to any HMI function 
preference. Similarly, neither trust in technology, nor attitudes towards computers cor-
relate with any HMI function that were tested as part of this evaluation study. It might 
be the case that such variables do not shape or relate to a particular HMI function pref-
erence because older people (generally), despite their level of trust in technology and 
attitudes towards computers, prefer to interact with HMI functions. However, our re-
sults should not be interpreted out of the context, as we did not test these functions 
during an actual CAV journey (i.e., this was an evaluation component of a larger study 
and the HMI features rated were not a feature within the component that involved ex-
periencing simulated CAV journeys). During an autonomously driven journey, partic-
ipants might have other preferences. Our study is a starting point for future studies that 
aim to develop CAV HMIs for use amongst older adults, including those currently un-
derway and planned as part of our Flourish project. 
4 Implications for HMI Design 
Our work is highly relevant for the design of CAV HMIs for older adults, noting the 
conclusions drawn are based on an evaluation component of one study that assessed 
participants’ HMI preferences after exposure in a CAV simulator. First it offers an in-
sight into older adult’s preferences for functions that could be available within highly 
and fully autonomous (Levels 4-5) CAVs. The findings indicate that our sample of 
participants also prefer the idea of adaptive HMIs. Features such as adaptable contrast, 
brightness, text size, and layout are welcomed and likely to be used. This might help 
those with various age-related sensory difficulties. (Noting that most of our participants 
had corrected vision.) Functions that keep participants engaged in other activities dur-
ing a L5 CAV journey, such as Information and Entertainment (e.g., Internet, Weather, 
Television, Music), were also evaluated positively. Thus, such features should be in-
vestigated and developed further and tested during actual Level 4-5 CAV journeys. We 
found the most important general function is a journey planner. This is a rather intuitive 
finding given that Level 4-5 CAVs are being designed in a way that the user no longer 
needs to drive between destinations and therefore forward planning (i.e., journey set-
ting) is important, much like having saved numbers on a telephone agenda as we no 
longer need to commit them to memory.   
From an individual differences perspective, some personal characteristics like per-
sonality traits seem to have a reduced role in the CAV HMI preferences participants 
have, but this conclusion is based on an evaluation component of only one study and 
outside a CAV simulator experience. Therefore, future studies might focus on this area 
of research, by conducting HMI evaluations during actual CAV simulated journeys, or 
even CAV journeys. One key finding is that scoring lower on cognitive tests makes it 
harder to engage with HMI functions, as a good cognitive performance is associated 
with increased HMI functions preference. Personality as well has limited association 
with HMI function preferences tested as part of the current study, as only some person-
ality traits relate with a few functions. For instance, people that have a tendency to 
worry in excess or to be anxious might be less likely to prefer HMI functions as Tele-
vision, News and Weather search, and those very active might prefer a Weather search 
function. For risk takers and impulsive individuals, our results didn’t show propensity 
for any particular HMI preferences. Finally, it is interesting that attitudes towards com-
puters and trust in technology did not relate to any HMI function preferences either, 
even though studies suggest that technology related measures predict the use of tech-
nology [50,51,64-66]. A possible explanation could be the design of the current study, 
as participants had to rate their HMI preferences during an evaluation phase and not 
during simulated CAV journeys. It might be the case that during a Level 4-5 CAV 
journey, participants might prioritize some functions compared to their current ratings 
in a passive evaluation study.  
Overall, our findings speak to current and future designs of Level 4-5 CAV HMIs 
for older adults by making them more adaptable and easy to use. User friendly functions 
that are intuitive and easy understand are likely to increase the likelihood of a predom-
inantly older adult sample using them. This might also help reduce possible anxieties 
related to the functions and their functionality given that AVs/CAVs are still a relative 
new and emerging technology. Users need to build up experience and trust with such 
features and functions (and others). Also, future evaluation studies (including those 
with pre-, during-, and post- CAV journey exposure and usage) are needed to speak to 
their longer-term inclusion and/or development for use within HMIs integrated into 
road-based CAVs. Our extensive battery of scales and measures used in this study show 
that some of these could be used to preempt user preferences and pre-customize the 
interface as part of a richer personalized CAV experience. This will be explored further 
as part of future work.  
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